The use of administrative data is an affordable alternative to conducting a difficult large-scale medical-record review to estimate the scale of adverse events. We identified adverse events from 2002 to 2013 on the national level in Korea, using International Classification of Diseases, tenth revision (ICD-10) Y codes.
INTRODUCTION
Patient safety is an essential element of the quality of care [1] . The first step in monitoring and enhancing patient safety is to measure the level of patient safety [2] . Measuring the level of patient safety enables health professionals to determine the causes of problems related to patient safety, to identify patient-safety interventions to ameliorate the problem, and to evaluate the effectiveness and efficiency of such interventions. However, precisely measuring the level of patient safety can pose a challenge, due to difficulties in defining harm and developing a standardized methodology to measure harm [3] .
Various methodologies, such as medical-record reviews, reporting systems, and patient interviews, have been used to measure adverse events as an indicator of patient safety [4, 5] . Among these, medical-record reviews are widely used to identify adverse events, because they are a primary source of information on adverse events. In many countries, the incidence and nature of adverse events in hospitals have been analyzed using medical-record reviews [6] [7] [8] [9] [10] . Furthermore, changes in the incidence of adverse events and their preventability by year have been determined based on medical-record reviews at a national level [11] .
Although medical-record reviews have been considered the gold standard for identifying adverse events, they are expensive and time-consuming [4, 5] . The incompleteness of documentation in medical records has also been identified as a limitation of such reviews [12] . Furthermore, there have been criticisms of their reliability [13] , and measures to increase reliability, such as well-organized training for reviewers, should be required prior to conducting them [14] . Because of these limitations, attempts have been made to use alternative methods of identifying adverse events and to combine 2 or more methods [4] . Administrative data, also called claims data, and the analysis thereof have emerged as an alternative for measuring adverse events [15, 16] . Concerns over the validity of administrative data have been raised, but administrative data analyses are relatively inexpensive and readily available compared to other methods [15, 16] . Accordingly, this strategy has been used to identify various types of adverse events, such as adverse drug events [17] and healthcare-associated infections [18] . In the case of the Republic of Korea (hereafter Korea), no study to date has investigated the scale of adverse events using representative samples from the whole nation. The Korean patient safety reporting and learning system, which was introduced by the Patient Safety Act, could be used to estimate the scale of patient safety incidents, but it has limitations for assessing the overall patient safety level due to under-reporting [19] . Although a few studies have estimated the incidence of adverse events in hospitals using medical-record reviews [14, 20, 21] , the generalizability of these studies is limited. Considering the difficulty of conducting medical-record reviews on a large scale, using administrative data is an affordable alternative for estimating the scale of adverse events on the national level. Therefore, we identified adverse events using administrative data on the national level in Korea from 2002 to 2013, employing International Classification of Diseases, tenth revision (ICD-10) Y codes.
METHODS

Data
We used data from the National Health Insurance ServiceNational Sample Cohort (NHIS-NSC). The NHIS-NSC is a population-based cohort developed by the NHIS in Korea, and it provides information regarding the utilization of health insurance and health examinations for those covered by health insurance [22] . Because universal healthcare coverage was es- The NHIS-NSC contains 4 databases: participants' insurance eligibility, medical treatments, medical-care institutions, and general health examinations. We generally used the medicaltreatment databases to extract information on ICD-10 Y codes from each participant in the NHIS-NSC. We considered an adverse event to have taken place if an ICD-10 Y code was present among the main diagnosis code or the secondary diagnosis codes.
Classification of International Classification of Diseases, tenth revision Y codes
ICD-10 Y codes were used to identify adverse events, referencing and adapting the Global Burden of Diseases study, in which they were utilized to detect the adverse effects of medical treatment [23] . Table 1 shows the types of adverse events assessed and their ICD-10 Y codes. We classified them into 6 types, adapting the classification used in a previous study [24] : those related to drugs, transfusions, and fluids; those related to vaccines and immunoglobulin; those related to surgery and procedures; those related to infections; those related to devices; and others. In the previous study [24] , adverse events were divided into 6 types: those related to the diagnosis; those related to drugs, fluids, and blood; those related to patient care; those related to surgery and procedures; those related to infections; and others. However, adverse events related to the diagnosis or patient care were not included in this study, because no ICD-10 Y codes correspond to such events. Instead, adverse events related to vaccines and immunoglobulin and those related to devices were included in the classification, because these adverse events have specific ICD-10 Y codes. Furthermore, medication errors, such as failures in dosage during surgical or medical care (Y63), were included in the events related to drugs, transfusions, and fluids. The category of other adverse events included those that were ambiguous in their categorization, such as unspecified misadventures during sur- 
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Statistical Analysis
We conducted descriptive analyses of the frequency of adverse events and their characteristics in terms of participants and medical-care institutions. Specifically, we examined trends in the number of adverse events by type from 2002 to 2013. We also examined the number of adverse events by type and according to age group, gender, type of care (inpatient vs. outpatient care), type of medical care institution (general hospital, hospital, clinic, and others), and type of medical specialty (general medical, surgical, obstetrics and gynecology, pediatrics, psychiatry, and others) in our 12-year study period. We used SAS version 9.3 (SAS Institute Inc., Cary, NC, USA) for all analyses. Table 1 Table 2 shows the number of adverse events by type according to gender and age group. Among all adverse events, 8762 (42.1%) and 12 055 (57.9%) were identified in men and wom- Adverse Events Based on ICD-10 Y Codes en, respectively. The 0-9 age group had the largest number of adverse events (4282, 20.6%), followed by the 60-69 age group (3345, 16.1%) and the 50-59 age group (3216, 15.4%). Adverse events related to vaccines and immunoglobulin tended to be detected more often among those in younger age groups than in older age groups. However, those related to surgery and procedures occurred more often in older age groups than in younger age groups. Table 3 gives the number of adverse events by type according to the type of care, medical institution, and medical specialty. Of all adverse events, 20 078 (96.5%) occurred in the context of outpatient care, whereas 739 (3.5%) took place as part of inpatient care; 16 628 (79.9%) were detected in clinics, whereas 3979 (19.1%) were identified in hospitals and general hospitals. About half (10 110, 48.6%) were found in the records of general medicine. A total of 6865 adverse events (33.0%) took place under the care of surgeons. Among the 1209 adverse events related to surgery and procedures, 982 (81.2%) were found in the records of general medical practitioners, whereas 133 (11.0%) were found in the records of surgeons.
RESULTS
Figure 1 and Supplemental
DISCUSSION
We identified adverse events based on ICD-10 Y codes in Korea from 2002 to 2013 using data from the NHIS-NSC. During our 12-year study period, a total of 20 817 adverse events were identified using ICD-10 Y codes. The average estimated total rate was 0.2%, and the estimated total rate by year showed a tendency to increase gradually. Since the sample size of the NHIS-NSC was about 2.2% of the target population, the total reported number of adverse events in Korea over 12 years is estimated to be about 9 462 273. The majority of identified adverse events were related to drugs, transfusions, and fluids, and occurred in the context of outpatient care. Approximately 80% were detected in clinics.
A strength of our current study was its comprehensiveness and ability to examine trends over time. This study included a considerable number of individuals covered by health insurance in Korea over 12 years, using data from the NHIS-NSC, which provides a substantial volume of representative administrative data reflecting the utilization of health insurance [22] . Following a previous study [23] , we attempted to systematically identify all types of adverse events using ICD-10 Y codes. In this manner, the scale of events can be monitored on the national level relatively easily, compared to other methods of detecting adverse events, such as medical-record reviews.
However, it seems that the estimated total adverse event rate in the present analysis was significantly underestimated (0.2%), compared to the previous results of a systematic review of the incidence of adverse events based on medical-record reviews [6] . In that systematic review, the median overall incidence of adverse events in hospitals was 9.2% [6] . We assume that the difference in results can be attributed to the limitations of administrative data. Administrative data are inexpensive and readily accessible, but their completeness and validity may be limited, because their primary purpose is not for surveillance or research [25] . Furthermore, because of differences in coding practices between hospitals or clinics and the lack of robust risk adjustment, the comparability of the scale of adverse events between medical institutions may be limited [15, 26] . Considering these limitations of administrative data, the adverse-event rate derived from other methodologies, including medical-record reviews, should be determined and compared to the results of this study. In particular, the validity of the ICD-10 Y codes for detecting adverse events should be confirmed based on an analysis using medical-record reviews. That is, it is necessary to check whether the appropriate ICD-10 Y codes are present in the records of patients whose adverse events are confirmed in medical-record reviews.
Furthermore, efforts should be made to improve the validity of the ICD-10 Y codes. In the present study, the majority of adverse events in inpatient care were seldom detected. Furthermore, those related to surgery and procedures were more often found in the records of general medical practitioners than by surgeons. Therefore, coding standards should be implemented for physicians in hospitals and surgeons, requiring them to assigning ICD-10 Y codes [27] . Inducements, such as financial incentives, to accurately assign ICD-10 Y codes would also be helpful to enhance the usability of ICD-10 Y codes for patient-safety surveillance. One option would be to include indicators of the coding validity of the ICD-10 Y codes in payfor-performance programs.
The most-identified adverse events in our current study were related to drugs, transfusions, and fluids. A total of 19 446 adverse events in this group were identified from 2002 to 2013, and about 0.2% of hospital admissions or outpatient visits were associated with these factors. We suggest that ICD-10 Y codes are relatively more useful for identifying adverse events related to drugs, transfusions, and fluids than other types of events, such as those related to surgery and procedures or infections. In other studies, ICD-10 Y codes have been used to identify adverse drug events [26,28.29] . Wu et al. [26] reported that 0.9% of total hospital admissions were associated with adverse drug reactions and Waller et al. [28] determined that about 0.3% of hospital admissions were related to ICD-10 Y codes. Patel et al. [29] reported that 0.5% of total hospital episodes were associated with adverse drug reactions. Although the comparability of results between these studies is limited, due to the different study periods and countries involved, the estimated average rate of adverse events related to drugs, transfusions, and fluids in our study is lower than the rates found in other studies. It appears that differences in coding practices between countries are responsible for these discrepancies, and the problem of underreporting may be more prominent in Korea.
The main limitation of the present study is that the sensitivity and specificity of ICD-10 Y codes for adverse events were not evaluated. Although there is no consensus on how to identify adverse events reliably with ICD-10 Y codes, a review of the performance of ICD-10 Y codes and their refinements is required. As the validity of ICD-10 Y codes for adverse events may differ by the type of event [30] , the sensitivity and specificity of ICD-10 Y codes for various event types should be determined in a future study. Furthermore, because the setting of clinical practice may affect coding practices, the validation of ICD-10 Y codes for adverse events must be performed in a variety of care settings, such as hospitals and clinics.
Another limitation was that adverse events related to the diagnosis or patient care could not be detected in this study. Because there are no ICD-10 Y codes for adverse events related to the diagnosis or patient care, it was methodologically impossible to identify them. It is particularly challenging to de-tect adverse events related to the diagnosis even through medical-record reviews [31] , although patient interviews can be an alternative for detecting them [32] .
In conclusion, our findings indicate that administrative data can be used to identify adverse events and monitor trends. Improving ICD-10 Y coding practices in Korea is necessary to precisely monitor the scale of adverse events. Because no study in Korea has yet been conducted of adverse events using representative samples, the use of administrative data may be an alternative for measuring adverse events.
